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D script) on 

FIELD OF THE INVENTION 

5 [0001] This invention relates to novel fluorinated amide compounds which are useful as stock materials for rubber 
materials having heat, solvent and chemical resistance and release agents. It also relates to curable compositions 
which when allowed to stand at room temperature or heated, will readily cure into products having improved solvent, 
chemical and heat resistance, low-temperature properties, and moisture impermeability. 

10 BACKGROUND OF THE INVENTION 

[0002] Curable fluorinated elastomer compositions comprising a polymer of fluorinated organic compound and a 
crosslinking agent have been used in a variety of fields. Such compositions are cured into elastomers which are utilized, 
for example, as rubber, paint and mold release agents. 

15 [0003] Most cured products of conventional fluorinated elastomer compositions, however, are unsatisfactory in sol- 
vent resistance, chemical resistance, heat resistance, low-temperature properties and moisture impermeability. For 
example, fluoro-rubber has poor low-temperature properties and cannot be liquefied. Silicone rubber has poor chemical 
resistance and solvent resistance. Fluorosilicone rubber, which was developed as a rubber material having combined 
properties of both, is insufficient in chemical resistance and resistance to polar solvents. 

20 [0004] Fluorinated elastomers and resins used as paint and mold release agents are desired to exhibit better mold 
release and water repellent properties. 

SUMMARY OF THE INVENTION 

25 [0005] An object of the present invention is to provide a novel and improved fluorinated amide compound which will 
form a cured product having improved solvent resistance, chemical resistance, heat resistance, low-temperature prop- 
erties, and moisture impermeability. 

[0006] Another object of the present invention is to provide a curable composition comprising a fluorinated amide 
compound and a fluorinated organohydrogensiloxane. Fluorinated amide compounds have been described in EP^A- 
30 573 282. 

[0007] We have found that a novel fluorinated amide compound of the following general formula (1) is obtained by 
reacting a compound having an acid fluoride group at either end of the following general formula (4) with a primary or 
secondary amine compound of the following general formula (5) or by reacting a compound of formula (4) with a 
compound of the following general formula (6) and then with a compound of formula (5) and that this fluorinated amide 
35 compound of formula (1) can form an elastomer having an increased fluorine content and low surface energy. 
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[0008] Inthes formulae, 

R1 is a substituted or unsubstituted monovalent hydrocarbon group, 

r2 is a hydrogen atom or a substitut d or unsubstituted-monovalent hydrocarbon group, 

Q is a group represented by the following general formula (2) or (3): 



R2 R2 

I I 
-N-R 3 -N- 



(2) 




wherein R 3 is a substituted or unsubstituted divalent hydrocarbon group which may have at least one intervening 

atom selected from oxygen, nitrogen and silicon atoms, R 4 and R 5 are independently selected from substituted or 

unsubstituted divalent hydrocarbon groups, 

Rf is a divalent perfluoroalkylene or perfluoropolyether group, and 

letter a is an integer inclusive of 0. 

[0009] We have also found that by blending a fluorinated organosiloxane as a crosslinking agent and a chain ex- 
tending agent with the fluorinated amide compound of formula (1 ) and adding a platinum group compound as a catalyst, 
there is obtained a curable composition which will cure into a product having improved solvent resistance, chemical 
resistance, heat resistance, low-temperature properties, and moisture impermeability. 

[0010] Therefore, the present invention in one aspect provides a fluorinated amide compound of formula (1). 
[0011] In another aspect, the present invention provides a curable composition comprising (A) a fluorinated amide 
compound of formula (1), (B) a fluorinated organohydrogensiloxane containing at least one monovalent perfluorooxy- 
alkyl, monovalent perfluoroalkyl, divalent perfluorooxyalkylene or divalent perfluoroalkylene group and at least two 
hydrosilyl groups in a molecule, and (C) a catalytic amount of a platinum group compound. Component (B) is present 
in an amount to give 0.5 to 5 mol of the hydrosilyl (Si-H) group per mol of the aliphatic unsaturated group in the 
composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is an IR spectrum chart of a fluorinated amide compound prepared in Example 1. 
[0013] FIG. 2 is an IR spectrum chart of a fluorinated amide compound prepared in Example 2. 
[0014] FIG. 3 is an I R spectrum chart of a fluorinated amide compound prepared in Example 3. 
[0015] FIG. 4 is an I R spectrum chart of a fluorinated amide compound prepared in Example 4. 
[0016] FIG. 5 is an I R spectrum chart of a fluorinated amide compound prepared in Example 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 



[0017] The fluorinated amide compound of the present invention is represented by the general formula (1). 
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35 



R" R" 
CH 2 =CHSi^_ R* o 0 0 OR 2 ./SiCH=CH 2 



ISi^. R* o 0 0 OR 2 



(1) 



[0018] R 1 in formula (1) is a substituted or unsubstituted monovalent hydrocarbon group, preferably having 1 to 10 
carbon atoms, more preferably 1 to 8 carbon atoms, and preferably free of an aliphatic unsaturated bond. R 2 is a 
hydrogen atom or a monovalent hydrocarbon group as represented by R 1 . Exemplary monovalent hydrocarbon groups 
represented by R 1 and R 2 include alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, hexyl, 

15 octyl, and decyl; cycloalkyl groups such as cyclopentyl, cyclohexyl, and cycloheptyl; alkenyl groups such as vinyl, allyl, 
propenyl, isopropenyl, butenyl, isobutenyl, hexenyl, and cyclohexenyl; aryl groups such as phenyl, tolyl, xylyl, and 
naphthyl; araikyl groups such as benzyl, phenylethyl, phenylpropyl, and methylbenzyl; and substituted ones of these 
groups wherein some or all of the hydrogen atoms are replaced by halogen atoms, for example, fluoro-substituted alkyl 
groups such as chloromethyl, bromoethyl, chloropropyl, 3,3,3-trifluoropropyl, and 6,6,6,5,5.4,4,3, 3-nonafluorohexyl. 

20 [0019] Q in formula (1) is a group represented by the following general formula (2) or (3). 

R2 R2 
I I 

25 _ N _r3_ N _ ... (2) 



30 



r ^* 3 



-N N- 



[0020] R 2 in formula (2) is as defined above. R 3 is a substituted or unsubstituted divalent hydrocarbon group, pref- 
erably having 1 to 20 carbon atoms, more preferably 2 to 10 carbon atoms, for example, alkylene groups such as 
40 methylene, ethylene, propylene, methylethylene, butylene, and hexamethylene; cycloalkyl ene groups such as cy- 
clohexylene; arylene groups such as phenylene, tolylene, xylylene, naphthylene, and biphenylene; substituted ones 
of these groups wherein some hydrogen atoms are replaced by halogen atoms; and combinations of such substituted 
or unsubstituted alkylene and/or arylene groups. 

[0021] The group represented by R 3 may have at least one intervening atom midway its linkage. The intervening 
45 atom is an oxygen, nitrogen or silicon atom. More particularly, the oxygen atom may intervene as -O. The nitrogen 
atom may intervene as -NR'- wherein R* is a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, especially 1 
to 6 carbon atoms or an aryl group. The silicon atom may intervene as an organosilylene group or as a group containing 
a linear or cyclic organosiloxane as shown below. 

50 
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R" R" R R 

II II 

R" R" -R"'-Si-0-Si-R"'- -R'"-Si-0-Si-R" 

II II 'J 

-Si-iQSih- . 0 0 . 0 0 

II II II 

R" R" R"-Si-0-Si-R" R"-Si-0-Si-R"'- 

II II 

R" R" R" R" 

[0022J R" is an alkyl group having 1 to 8 carbon atoms or aryl group as exemplified for R 1 and R 2 , R is an alkylene 
group having 1 to 6 carbon atoms or arytene group as exemplified for R 3 , and n is an integer of 0 to 1 0 t especially 0 to 5. 
[0023] Examples of the group having an intervening O, N or Si atom represented by R 3 are given below. Note that 
Me is methyl. 

Me Me 
I I 

-CH 2 CH 2 OCH 2 CH 2 ~ , -(CHJaSiOSiCOMa- 

MeMe 



-CH 2 CH 2 -N-CH 2 CH 2 - . 
H 

Me Me 

-(CH^Si-O-ii-CHzCHzCHa 
I I 

0 o 

1 I 

CH 3 CH 2 CH 2 -Si-0-S«CH 2 ) 2 - 
I I 
Me Me 



Me Me 
I I 

-(CH 2 )- 2 SiOS«CH 2 ) 2 - 
Me Me 

Me Me 
-(CH 2 ) 3 Si-0-Si(CH 2 ) 3 - 

6 6 
I I 

CH 3 CH 2 CH 2 -Si~0~Si-CH 2 CH 2 CH 3 , 
Me Me 



Me Me Me Me 

:(CH 2 ) 3 Si-0-Si-Me -(CH&Si-0-SHCH 2 ) 2 - 

I I II 

0 0. 00 

Me-Si-0-Si(CH 2 ) 3 - CH 3 CH 2 CH 2 -Si-0-Si-CH 2 CH 2 CH 3 

II. II 

Me Me Me Me 
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Me Me Me Me 

-(CH*hii-0-Si-Me -CH 2 CH 2 CH 2 -Si-0-Si-CH 2 CH 2 CH 3 

0 0 0 0 

II II 
Me-Si-O-StfCHifc- CH 3 CH 2 CH 2 -Si-0-Si-CH 2 CH 2 CH 2 - 

Me Me ■ Me Me 

[0024] R 4 and R 5 in formula (3) are Independently selected from substituted or unsubstituted divalent hydrocarbon 
groups, preferably having 1 to 10 carbon atoms, more preferably 2 to 6 carbon atoms, for example, alkylene groups 
such as methylene, ethylene, propylene, methylethylene, butylene, and hexamethylene, cycloalkylene groups such 
as cyclohexylene and substituted ones of these groups wherein some hydrogen atoms are replaced by halogen atoms. 
[0025] Examples of the group of formula (2) or (3) represented by Q in formula (1) are given below. Note that in the 
following chemical formulae, Me is methyl. Ph is phenyl, Rf is as defined below, and X is a hydrogen atom, methyl 
group or phenyl group. 



Me Me | I, 



CH, 

CI-U-CH. CH,-C< 



N CH-CH/ N • CH >- CH/ 



Me Me Me Me 
\__/ Me Me 



Ph Me Me Ph 

II II 
-NCH 2 CH 2 CH 2 SiCH 2 CH 2 -Rf-CH 2 CH 2 SiCH 2 CH i CH 2 N- 

Me Me 



H H H H 

"N-(0)- N - , -N-CH 2 -Rf-CH 2 -N- 
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H Me Me H 

II II 
-NCH2CH 2 CH i SiCH 2 CH2-Rf-CH2CH 2 SiCHaCH 2 CHiN- 

Me Me 



Ph Me Me 

-NCH 2 CH 2 CH 2 -Si-0-Si-CH:CH 2 CH J 
I l 

0 0 Ph 

CH3CH 2 CH 2 -Si-0-Si-CH 2 CH 2 CH 2 N- 

1 I 
Me Me 



Me Me Me 

-NCH t CH 2 CH 2 -Si-0-ii-CH 2 CH 2 CH 3 
I I 

0 0 Me 

CH 3 CH 2 CH 2 -Si-0-Si-CH 2 CH 2 CH 2 N- 

1 I 
Me Me 




X 
I 

-Ns Me Me Me 

-iiCH2CH a -Si-0-Si-CH 2 CH 2 CH 3 
Me 0 0 Me 



CH 3 CH 2 CH 2 -Si-0-Si-CH l CH 2 Si-/o) 



I I I \ c 

Me Me Me X N- 
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X 
I 

-Nn Me Me Me 

5i-CH 2 CH 2 -Si-0-Si-Me 
I I I 

Me 0 0 Me 



n, ivie 

0 0 M. 

e ^N- 



Me-Si-0-Si-CH 2 CH^ 
10 III 

Me Me Me 

i 

15 

[0026] In formula (1), Rf is a divalent perfluoroalkylene or perfluoropolyether group. The divalent perfluoroalkytene 
group is preferably represented by the formula: 

wherein m = 1 to 1 0, preferably 2 to 6. The divalent perfluoropolyether group is preferably represented by the following 
formulae: 

25 

- ( CF0CF 2 ) p- ( CF 2 ) r - ( CF 2 0CF ) q - 

I I 
X X 

30 

wherein X Is F or CF 3 group and letters p, q and r are integers in the range: p S 1 , q £ 1 , and 2 £ p + q <, 200, especially 
2 £ p + q <M 1 0 and 0 <, r < 6, 

-CF 2 CF 2 OCF2- (CFOCF2 ) s- (CF 2 ) r" ( CF 2 OCF) t-CF 2 OCF 2 CF2- 
CF 3 CF 3 

40 

wherein letters r t s and t are integers in the range: 0 <> r <c 6, s £ 0, t £ 0, and 0 £ s + t <, 200, especially 2 < s + t £ 1 10, 



4S -CF- ( OCFCF2 ) u- ( OCF 2 ) v-OCF- 



I 

XX x 



50 wherein X is F or CF 3 group and letters u and v are integers in the range: 1 £ u <> 20 and 1 £ v £ 20, and 

-CF 2 CF 2 -(OCF 2 CF 2 CF 2 ) w -OCF 2 CF 2 - 

55 wherein w is an integer in the range: 1 ^ w <, 1 00. 
[0027] Examples of Rf are given below. 
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-(CFOCF 2 ) n (CF 2 OCF),n- lTm=2-20 0 , 

CF 3 CF, 

-(CFOCFzinCCF^ztCFzOCFJm- n+^=2-200 , 
CF 3 CF 3 

^CF 2 CF 2 OCF2(CF 2 ) 2 CF 2 OCF 2 CF 2 - . 

-CF 2 CF 2 OCF 2 CFOCF 2 (CF 2 ) 2 CF 2 OCFCF 2 OCF 2 CF 2 - , 
CF, CF 3 



• -CF 2 (OCF 2 CF 2 )„(OCF) m OCF 2 - n=5~50, m=l-10 , 



-CFCOCFCF^OCF^OCF- ' n=5~50, m=l-10 , 
CF 3 CF 3 CF 3 

-CF 2 CF 2 (OCF 2 CF 2 CF 2 ) n OCF 2 CF 2 - n= 5 ~ 100 

[0028] In formula (1), letter a is an integer inclusive of 0. The fluorinated amide compound of formula (1 ) contains at 
least one divalent perfluoroalkylene or perfluoropolyether group while a is preferably an integer of 0 to 10, more pref- 
erably 1 to 6. 

[0029] The fluorinated amide compounds of formula (1) according to the invention may be used in various forms 
covering from low viscosity polymers having a viscosity of several tens of centistokes at 25° C to solid raw rubber-like 
polymers. For ease of handling, raw rubber-like polymers are preferred for the intended application as heat vulcanizable 
rubber and polymers having a viscosity of about 1 00 to about 1 00,000 centistokes at 25°C are preferred for the intended 
application as liquid rubber. Too low viscosity would be undesirable because cured products would have low elongation 
as elastomers and imbalance of physical properties. 

[0030] The fluorinated amide compounds of formula (1) can be obtained by the following method. The fluorinated 
amide compound of formula (1) wherein a is equal to 0 can be synthesized by reacting a compound having an acid 
fluoride group at either end of the following general formula (4) with a primary or secondary amine compound of the 
following general formula (5) in the presence of an acid acceptor such as trimethylamine. 
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10 




...(!') 
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[0031] Note that R 1 , R 2 and Rf are as defined previously. 

[0032] Also the fluorinated amide compound of formula (1) wherein a is an integer of at least 1 can be synthesized 
by reacting a compound having an acid fluoride group at either end of formula (4) with a diamine compound of the 
following general formula (6): 

20 

H-Q-H (6) 

wherein Q is as defined previously in the presence of an acid acceptor and further reacting with a primary or secondary 

25 amine compound of formula (5). 

[0033] Although the compound having an acid fluoride group at either end of formula (4) and the primary or secondary 
amine compound of formula (5) may be used in an desired ratio, it is preferred that the molar ratio of the charge (a) of 
the formula (4) compound to the charge (b) of the formula (5) compound, (a)/(b), range from 0.1 mol/mol to 1.2 mol/ 
mol, especially from 0.2 mol/mol to 0.5 mol/mol. 

30 [0034] Also the compound of formula (4) and the compound of formula (6) are mixed such that the molar charge (a) 
of the formula (4) compound is not less than the molar charge (c) of the formula (6) compound. The number (represented 
by a) of recurring units in formula (1) may be controlled to an appropriate value by adjusting the molar ratio (a)/(c). 
Higher values of (a)/(c) allow for synthesis of polymers having a relatively low molecular weight whereas molar ratios 
(a)/(c) approximating to 1 allow for synthesis of polymers having a high molecular weight. 

35 [0035] Reaction conditions are not critical. Preferred conditions include a temperature of 20 to 1 00°C and a time of 
about 1 to 8 hours, more preferably a temperature of 20 to 50°C and a time of about 2 to 4 hours. 
[0036] Among the fluorinated amide compounds of formula (1), those fluorinated amide compounds wherein Q is a 
group having an intervening silicon atom can be synthesized by selecting an amine compound of formula (5) as a 
primary or secondary compound having an aliphatic unsaturated group such as vinyl and allyl, subjecting it to the 

40 above-mentioned reaction to form a compound having a vinyl group at either end of the following general formula (V), 
and further reacting the compound of formula (V) with an organosiloxane compound having two hydrosilyl groups in 
a molecule of the following general formula (7) in the presence of an addition reaction catalyst. 



50 




...<!') 



[0037] Note that R 1 , R 2 and Rf are as previously defined. 

55 

H-P-H (7) 
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[0038] Note that P represents a divalent organic group having a siloxane bond as exemplified below. 



Me 



Me 



Me Me 
-Si-O-ii- 



-Si-O-Si-Me 



O 0 



Me . Me 



Me-Si-O-Si- 



Me 



Me 



Me 



Me 



-Si-0-Si-CH 2 CH 2 CH 3 



l l 

0 O 



CH3CH 2 CH 2 -Si-0-Si- 
I I 
Me Me 



[0039] In this reaction, the compound having a vinyl group at either end of formula (1 ') and the compound of formula 
(7) are mixed such that the molar charge (d) of the formula (V) compound is greater than the molar charge (e) of the 
formula (7) compound. The molar ratio (d)/(e) is at most 2. That is, 1 < (d)/(e) £ 2. Within this range, higher values of 
(d)/(e) allow for synthesis of polymers having a relatively low molecular weight whereas molar ratios (d)/(e) approxi- 
mating to 1 allow for synthesis of polymers having a high molecular weight. 

[0040] The catalyst used herein is selected from the elements of Group VIII in the Periodic Table and compounds 
thereof, for example, chloroplatinic acid, alcohol-modified chloroplatinic acid (see USP 3,220.972), complexes of chlo- 
roplatlnic acid with olefins (see USP 3,159,601, 3,159.662 and 3,775,452), platinum black and palladium on supports 
such as alumina, silica and carbon, rhodium-olefin complexes, and chlorotris(triphenylphosphine)rhodium (Wilkinson 
catalyst). It is used in a catalytic amount. The complexes are preferably used as solution in suitable solvents such as 
alcohol, ketone, ether and hydrocarbon solvents. 

[0041] Preferably the reaction is effected at about 50 to 1 50°C, especially about 80 to 1 20°C, for about 2 to 4 hours. 
[0042] The fiuorinated amide compounds of the present invention can form elastomers having a high fluorine content 
and low surface energy, which will find use in a variety of applications as raw materials, for example, base materials 
for rubber materials having heat, chemical and solvent resistance and base components for mold release agents. For 
example, elastomers can be obtained by reacting a polymer of a fiuorinated amide compound blocked with a vinyl 
group at either end with a compound having at least three hydrosilyl groups in a molecule in the presence of an addition 
reaction catalyst. These elastomers exhibit high heat, solvent and chemical resistance because of high fluorine contents 
and are improved in mold release and water repellency because of low surface energy. Then the elastomers are useful 
as sealants, molded parts, extruded parts, coating materials and mold release agents. 

[0043] Also contemplated herein is a curable composition comprising (A) a fiuorinated amide compound of formula 
(1) as a base polymer, (B) a fiuorinated organohydrogensiloxane as a crosslinking agent or chain extending agent, 
and (C) a platinum group compound as a catalyst. 

[0044] The curable composition of the invention contains components (A), (B) and (C) as essential components. 
Component (A) is a fiuorinated amide compound of formula (1) defined above. 

[0045] Component (B) is a fiuorinated organohydrogensiloxane which serves as a crosslinking agent and chain ex- 
tender for the fiuorinated amide compound (A). The fiuorinated organohydrogensiloxane (B) should contain at least 
one monovalent perfluorooxyalkyl group, monovalent perfluoroalkyl group, divalent perfluorooxyalkylene group or di- 
valent perfluoroalkylene group and at least two, preferably at least three hydrosilyl (Si-H) groups in a molecule. The 
perfluorooxyalkyl, perfluoroalkyl, perfluorooxyalkylene and perfluoroalkylene groups are preferably those represented 
by the following general formulae. 

monovalent perfluoroalkyl groups: 
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u m r 2m+r 

wherein m is an integer of 1 to 20, preferably 2 to 10. 
divalent perfluoroalkylene groups: 

" C m F 2m" 

wherein m is an integer of 1 to 20, preferably 2 to 10. 
monovalent perfluorooxyalkyl groups: 



F-(CFCF 2 0) n -CF- 

I I 

CF3 CF3 



wherein n is an integer of 1 to 5. 

divalent perfluorooxyalkylene groups: 



- ( CFOCF2 ) n~ ( CF 2 OCF ) m - 

I I 
CF 3 CF 3 



wherein m + n is an integer of 2 to 100 on average. 

[0046] The fluorinated organohydrogensiloxanes may be of cyclic or chain structure or three-dimensional network. 
They preferably have at least one monovalent organic group having a perfluoroalkyl, perfluoroalkyl ether or perfluor- 
oalkylene group of the following general formula In a molecule as a monovalent substituent attached to a silicon atom. 



R 7 O 
I II 

-R 6 -N— C-Rf 1 -CH 2 CH 2 Rf 1 



~~ R 7 O OR 7 
I II II I 

-R 6 -N — C-Rf 1 -C-N-R 6 - -CH 2 CH 2 -Rf 1 -CH 2 CH 2 - 



[0047] In the formulae, R 6 is a divalent hydrocarbon group, preferably having 1 to 10 carbon atoms, more preferably 
2 to 6 carbon atoms, for example, alkylene groups such as methylene, ethylene, propylene, methylethylene, tetrame- 
thylene, and hexamethylene, and arylene groups such as phenylene, 

R 7 Is a hydrogen atom or a monovalent hydrocarbon group, preferably having 1 to 8 carbon atoms, more preferably 
1 to 6 carbon atoms as defined for R 2 , and 

Rf 1 is a monovalent perfluoroalkyl, monovalent perfluorooxyalkyl, divalent perfluorooxyalkylene or divalent per- 
fluoroalkylene group as previously exemplified. 

[0048] The fluorinated organohydrogensiloxane (B) has a monovalent substituent group attached to a silicon atom 
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other than the monovalent organic group having a monovalent or divalent fluorinat d substituent (i.e., perfluoroalkyl, 
p rfluorooxyalkyl. perfluorooxyalkylene or perfluoroalkylene group). Examples of the other substituent group include 
monovalent hydrocarbon groups free of an aliphatic unsaturated bond, preferably having 1 to 10 carbon atoms, more 
preferably 1 to 8 carbon atoms as previously defined for R 2 . 

[0049] The number of silicon atoms per molecule of the fluorinated organohydrogensiloxane is not critical although 
it generally has about 2 to 60, preferably about 4 to 30 silicon atoms. 

[0050] Examples of the fluorinated organohydrogensiloxane are given below. They may be used alone or in admixture 
of two or more. Note that Me is methyl and Ph Is phenyl. 



H 0 

A-C-CFOCF 2 CFOCjF7 



I I 

H (CH*), CF, 

-(SiOfe-SiO— i 
I I 
Me Me 



I 

CF, 



H 



PhO 

iVc-CFOC,F, 
(CH 2 ), CF, 



r- (SiO),-SiO — i 
I I 
Me Me 



H 



MeO 
I » 

N-C-C,F, 5 
(CH 2 ) 3 



r-(iiO),-(SiO) t — 1 



I 

Me 



I 

Me 



MeO 

N-C-CFOCFjCFOCjF, 

H C 3 H 7 (CH*) 3 CF 3 CF 3 

-(SiO) 2 -SiO-SiO— i 
I I I 
Me Me Me 



CH 2 -CFOCF 2 CFOC 3 F 7 



I I 
H CH 2 CF 3 

-(SiO) 3 -SiO- 
I I 
CH, CH, 



I 

CF, 



H 



CH2"*CeF|T 

CH 2 



^Os-^iO— i 



■(Si 
I 

CH, 



CH, 



MeO 

A-C-CFOCF 2 CFOCF 2 CFOC,Fr 

H (CH^CF, CF, CF, 

(SiO),-iiO— , 
I I 
Me Me 



PhO 
I ll 

N-C-CFOCF, 

H (CH,), CF, 
I I 
-(SiO) 2 -Si0 2 — ! 
I I 
Me Me 
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MeO 
I D 

N-C-CF,, 
H (CHzh 
-(SiO) 3 -SiO— 
Me Me 



H 



(CH 3 ) 2 
CHO 

N-C-CFOCF 2 CFOC 3 F T 
(CH^), CF 3 CF 3 



-(iiO) 3 -SiO— , 



I 

Me 



I 

Me 



Me 
I 

-CH 2 CHaSi 
Me 



v H O 



(CFOCF 2 )„(CF 2 OCF), 
I I 
CF 3 CF 3 



O H s 



H 

<— (SiO) 3 -SiO- 
I I 
Me Me 



Me 

SiCH 2 CH 2 -S 
Me 



n+m=2-50 



PhO O Ph 
S-(CH 2 ) 3 -N-C-(CFOCF 2 ) n (CF 2 OCF) m -C-N-(CH 2 ) 3 -S 

CF 3 CF 3 
H 

i— (SiO) 3 -SiO- 

I I . 

Me Me n+m=2~50 



O Me H MeO 

CjFtOCFC^OCF-C-N- (CH 2 ) 3 -(SiO) n -(CH 2 ) 3 -N-C-CFOCF 2 CFOC 3 Fr 
CF 3 CF 3 Me CF 3 CF 3 

n=3-50 
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H 

Me 3 SiO(SiO) n £iOSiMe 3 
Me Me 



PhO 

N-C-CFOCF 2 CFOC 3 F 7 
II I 
CH 2 CF 3 CF 3 

CH 2 

6llz 



n=3-50 



CH 2 -CFOCF 2 CFOC 3 F 7 
I I I 
H CH 2 CF 3 CF 3 

Me 3 SiO(^iO)^iOSiMe 3 
I I 
-^-Me Me 



[0051] When thefluorinated organohydrogenslloxane used as component (B) is compatible with the fluorinated amide 
compound as component (A), the resulting curable composition will yield a uniform cured product. 
[0052] Component (B) Is blended in the composition in such an amount as to provide 0.5 to 5 mol f preferably 1 to 2 
mol of the hydrosflyl group (i.e., Si-H group) in component (B) per mol of the aliphatic unsaturated group (e.g., vinyl, 
allyl and cycloalkenyl groups) in the entire composition, especially component (A). Less than 0.5 mol of the hydrosilyl 
group on this basis will lead to an insufficient degree of crosslinking. With more than 5 mol of the hydrosilyl group, 
chain lengthening will become predominant, resulting in short curing or foaming and adversely affecting heat resistance 
and compression set. Most often, components (A) and (B) are blended such that about 0.1 to 50 parts by weight of 
component (B) is present per 100 parts by weight of component (A). 

[0053] The curable composition further contains a platinum group compound as an essential component (C). It is a 
catalyst for catalyzing addition reaction or hydrosilylation between thefluorinated amide compound and the fluorinated 
organohydrogensiloxane, that is, serves as a curing promoter. Since the platinum group compounds are generally 
compounds of noble metals and expensive, relatively easily available platinum compounds are often used. 
[0054] Illustrative, non-limiting examples of the platinum compound include chloroplatinic acid, complexes of chlo- 
roplatinic acid with olefins such as ethylene, complexes of chloroplatinic acid with alcohols or vinylsiloxanes, and plat- 
inum on silica, alumina and carbon. Platinum group compounds other than the platinum compounds are also useful. 
Known examples include compounds of rhodium, ruthenium, iridium, and palladium, for example, such as RhCI(PPh 3 ) 3 , 
RhCi(CO)(PPh 3 ) 2 , RhCI(C 2 H 4 ) 2 , Ru 3 (CO) 12 , lrCI(CO)(PPh 3 ) 2 , and Pd(PPh 3 ) 4 wherein Ph is phenyl. 
[0055] On use, these catalysts may be used in solid form if they are solid catalysts. In order to form more uniform 
cured products, a solution of chloroplatinic acid or its complex in a suitable solvent is preferably used as a miscible 
mixture with the fluorinated amide compound (A). 

[0056] The amount of the catalyst used is not critical. A desired curing rate will be achieved with a catalytic amount. 
From an economical point of view or to produce satisfactory cured products, the catalyst is preferably added in an 
amount of about 1 to 1 ,000 ppm, more preferably about 1 0 to 500 ppm of platinum group element based on the weight 
of the entire curable composition. 

[0057] Various additives may be added to the curable composition of the invention in order to enhance their practical 
usage. Useful additives include polysiloxanes containing a C H^C H(R)SiO unit wherein R is hydrogen or a substituted 
or unsubstituted monovalent hydrocarbon group (see JP-B 10947/1973) and acetylene compounds (see USP 
3,445,420 and JP-B 3774/1979), which are added for the purpose of controlling the curing rate of the curable compo- 
sition, and ionic compounds of heavy metals (see USP 3,532,649). Where such additives are added, the amount of 
the fluorinated organohydrogensiloxane blended is determined by taking into account the amount of these additives 
blended in addition to component (A). More specifically, 0.5 to 5 mol of Si-H group should be present per mol of the 
aliphatic unsaturated group (e.g., vinyl, allyl and cycloalkenyl groups) in the entire composition as pr viously mentioned. 
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[0058] Moreover, fillers may be blended in the curable composition of the invention for the purpos s of reducing 
thermal shrinkage upon heating, reducing the coefficient of thermal expansion of elastomers as cured, improving ther- 
mal stability, weather resistance, chemical resistance, flame retardancy and mechanical strength, and reducing gas 
permeability. Exemplary fillers include fumed silica, quartz powder, glass fibers, carbon, metal oxides such as iron 
5 oxide, titanium oxide, and cerium oxide, and metal carbonates such as calcium carbonate and magnesium carbonate. 
If desired, suitable pigments, dyes or antioxidants may also be added. 

[0059] Any desired method may be used in preparing the curable composition according to the invention. The com- 
position can be prepared simply by mixing the above-defined components. The curable composition as mixed can be 
cured at room temperature depending on the type of functional group in the fluorinated amide compound as the first 
10 essential component and the type of catalyst as the third essential component. Preferably the composition is cured by 
heating at 100 to 150°C for several minutes to several hours. 

[0060] On use, the curable composition of the invention may be dissolved in suitable fluorinated solvents such as 
meta-xylene hexafluoride and fluorinates to a desired concentration depending on its application and purpose. 
[0061] The fluorinated amide compound of the invention can form an elastomer or resin having a high fluorine content 
15 and low surface energy which is useful as a base material for rubber materials having heat resistance, solvent resistance 
and chemical resistance as well as a base material for mold release agents. 

[0062] The curable composition of the invention will cure into products which exhibit high solvent and chemical re- 
sistance because of high fluorine contents, low moisture permeability, and improved mold release and water repellency 
because of low surface energy. Then the cured products or elastomers are useful as automotive rubber materials 
20 required to be oil resistant, tent film materials, sealants, molded parts, extruded parts, coating materials, printing ma- 
chine roll materials, and electrical moisture-proof coating materials. 



EXAMPLE 



25 [0063] Examples of the present invention are given below by way of of illustration and not by way of limitation. Note 
that Me is methyl. All parts are by weight. 



Example 1 

30 [0064] A 1 -liter four-necked flask equipped with a stirrer, thermometer, Dimroth condenser, and dropping funnel was 
charged with 1 ,000 g of a compound having an acid fluoride group at each end of the following formula (8). With stirring, 
a mixture of 72.0 g of vinylsilylamine of the following formula (9) and 44.8 g of triethylamine was added dropwise to 
the flask at 20°C. 



35 



O O 

FC-(CFOCFJ n (CF 2 OCF)n,-CF n+m=3 2 - ( 8 ) 



I I 

40 CF 3 CF S 



45 



50 



CH, 

SiCH=CH 2 

U ~ (9) 



[0065] After the dropwise addition, reaction was effected at 60°C for 2 hours. The reaction mixture was subject to 
filtration under pressure and the filtrate was vacuum stripped at 120°C/3 mmHg, yielding 989.5 g of a compound as a 
pale yellow clear liquid. The compound had a viscosity of 9,500 centistokes at 25°C, a specific gravity of 1 .829 at 25°C, 
and a refractive index of 1 .3258 at 25°C. The compound was analyzed by IR spectroscopy, with the results shown in 
FIG. 1. In FIG. 1, the following absorption peaks were observed. 

1100-1320 cm* 1 v c . F 

1715 cnr 1 Vq_ 0 

[0066] Th vinyl content of this compound was quantitatively determined to be 0.035 mol/100 g. From these data, 
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the compound was identified to be a polym r of a fluorinated amide compound represented by th following structural 
formula (10). 



10 



H 3 C 
I 

CH 2 =CHSi 



H >C /oV^-CO-(CFOCF0„(CF 2 O<pF)«-CO-N-^O/ CH > 
V ^ CF 3 CF 3 



CF 3 
n+m=32 



SiCH=CH 2 



.(10) 



15 



20 



Example 2 

[0067] A 500-ml four-necked flask equipped with a stirrer, thermometer, Dimroth condenser, and dropping funnel 
was charged with 500 g of a compound having an acid fluoride group at each end of formula (11). With stirring, a 
mixture of 12.4 g of vinylsilylaniline of formula (9) and 7.7 g of triethylamine was added dropwise to the flask at 20°C 
through the dropping funnel. 



25 



o o 

FC- (CFOCF 2 ) n (CF 2 OCF) m -CF 
CF 3 CF 3 



n+m=9 4 



(11) 



30 



35 



40 



[0068] After the dropwise addition, reaction was effected at 60°C for 2 hours. The reaction mixture was subject to 
filtration under pressure and the filtrate was vacuum stripped at 120°C/3 mmHg, yielding 469.4 g of a compound as a 
pale yellow clear liquid. The compound had a viscosity of 21,000 centistokes at 25°C, a specific gravity of 1.884 at 
25°C, and a refractive index of 1.3136 at 25°C. The compound was analyzed by IR spectroscopy, with the results 
shown in FIG. 2. In FIG. 2, the following absorption peaks were observed. 

1100-1320 cm- 1 v c . F 

1715 cm -1 v c=0 

[0069] The vinyl content of this compound was quantitatively determined to be 0.013 mol/100 g. From these data, 
the compound was identified to be a polymer of a fluorinated amide compound represented by the following structural 
formula (12). 



45 



50 



CH 2 



H 3 C 

=CHSi 
I 

H 3 C 



H 



^SiCH=CH 2 



(CFOCF 2 )„(CF 2 0(fF) ( 
CF 3 CF 3 



-co-nVo) 1 



n+m=94 



CH 3 



...(12) 



55 



Example 3 

[0070] A 200-ml four-necked flask equipped with a stirrer, thermometer, Dimroth condenser, and dropping funnel 
was charged with 76.9 g of the compound having an acid fluoride group at each end of formula (8). With stirring, a 
mixtur of 1 .14 g of 2,5-dimethylpiperazine and 2.9 g of triethylamine was added dropwise to the flask at 2CPC through 
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th dropping funnel. After the dropwis addition, reaction was effected at 60°C for 2 hours. After 0.36 g of vinylsilylamine 
of formula (9) was added to the reaction mixtur , reaction was effected at 60°C for 2 hours and post-tr atment was 
done as in Example 1, yielding 72.9 g of a compound as a pale yellow clear liquid. 

[0071] The compound had a viscosity of 43,200 centistokes at 25°C. The compound was analyzed by IR spectros- 
copy, with the results shown in FIG. 3. In FIG. 3, the following absorption peaks were observed. 

1100-1320 cm-' v c . F 

1715 cm- 1 v c=0 

[0072] The vinyl content of this compound was quantitatively determined to be 0.005 mol/100 g. From these data, 
the compound was identified to be a polymer of a fluorinated amide compound represented by the following structural 
formula (13). 



H 3 C CH 3 

CH 2 -CHSw H H ^SiCH=CH 2 

_H 3 C <foVN-CO-[Rf'~CO-Q '-CO] 5 -Rf-CO-N-/o> CH 3 



.-(13) 



Rf 1 : -(CFOCF 2 ) n -(CF 2 OCF) m - 

I . I 
CF3 CF3 



Rf: m+n = 32 
Q': 



CH. 



;ch-ch 2 

-< / N - 

n ch 2 -ch' 

CH 3 



Example 4 

[0073] A flask as used in Example 3 was charged with 100.0 g of the compound obtained in Example 1, that is, 
compound of formula (10) having a vinyl group at each end (viscosity 9,500 centistokes at 25°C) and 50.0 g of meta- 
xylene hexafluoride. The flask was heated to 90°C with stirring and 0.1 g of an isopropyl alcohol solution of 2% chlo- 
roplatinic acid was added thereto. Then 4.25 g of a cyclotetrasiloxane of the following formula (14) was added dropwise 
to the flask through the dropping funnel, allowing reaction to take place. 

Me Me 
I I 
H-Si-0-Si-CH 2 CH 2 CH3 

0 6 

CH 3 CH 2 CH 2 -Si-0-Si-H 

1 I 
Me Me 



...(14) 
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[0074] After the dropwise addition, the reaction solution was aged while the disappearance of the cyclotetrasiioxane 
was confirmed by gas chromatography. Thereafter, the reaction solution was cooled down to room temperatur , and 
1 .5 g of activated carbon was added to the solution which was agitated for 2 hours. The reaction solution was subject 
to post-treatm nt as in Example 1 , yielding 99.2 g of a clear liquid compound. 
5 [0075] The compound had a viscosity of 87,500 centistokes at 25°C. It was analyzed by IR spectroscopy, with the 
results shown in FIG. 4. In FIG. 4, the following absorption peaks were observed. 

1100-1320 crrr 1 v c . F 

1715 cm -1 v^q 

[0076] The compound was quantitatively determined to find a vinyl content of 0.009 mol/1 00 g. From these data, the 
10 compound was identified to be a polymer of a fluorinated amide compound having the following structural formula (15). 



15 CH 2 =CHSi^ H H ^_^SiCH=CH 2 

H ' c <5VN-C0-[Rf -CO-Q w -COL-Rf-CO-N^O/ CH 3 



20 



...(15) 



Rf : as defined in Example 3 
Q": 



H 

I 

25 -N N Me Me Me 

-CH 2 CH2-Si-0-Si-CH 2 CH 2 CH, 
I I 

Me 0 0 Me 

I I I 
30 CH3CH 2 CH 2 -Si-0-Si-CH 2 CH2-Si 

Me Me Me 



\_ Me 

-<C^H 



35 Example 5 

[0077] A 200-m! four-necked separable flask equipped with a stirrer, thermometer, Dimroth condenser, and dropping 
funnel was charged with 81 .6 g of a compound having an acid fluoride group at each end of the following formula (16). 
With stirring, a mixture of 2.8 g of vinylsilylaniline of the following formula (17) and 1.0 g of triethylamine was added 
40 dropwise to the flask at 20° C through the dropping funnel. 



9 ° 

45 FC-(CFOCF 2 ) n (CF 2 OCF) m -CF n+m-9 0 ... ( 16 ) 

-CF 3 CF 3 



50 




».(17) 



55 

[0078] After the dropwise addition, reaction was effected at 60°C for 2 hours. The reaction mixture was subject to 
filtration under pressure and the filtrate was vacuum stripp d at 120°C/3 mmHg, yielding 76.8 g of a compound as a 
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pale yellow clear liquid. The compound had a viscosity of 9,800 centistokes at 25° C, a specific gravity of 1 .873 at 25°C, 
and a refractiv index of 1.3126 at 25°C. It was analyzed by IR spectroscopy, with the results shown in FIG. 5. In FIG. 
5, the following absorption peaks w re observed. 

1100-1320 cnrr 1 v c . F 

1 700 cm* 1 v c=Q 

[0079] The compound was quantitatively determined to find a vinyl content of 0.01 3 mol/1 00 g. From these data, the 
compound was identified to be a polymer of a fluorinated amide compound having the following structural formula (18). 



10 



15 



H 3 C 
I 

CH 2 =CHSi^ 



CH 3 
I 

Me _^SiCH=CH 2 



3H ?>-^ Me Me L 

CF, CF 3 



(18) 



n+m=90 



20 Example 6 

[0080] To 1 00 parts of the polymer obtained in Example 1 . that is, polymer of formula (1 0) having a viscosity of 9,500 
centistokes at 25°C f an average molecular weight of 5,720 and a vinyl content of 0.035 mol/1 00 g was added 1 0 parts 
of fumed silica having a specific surface area of 200 rn?/g and treated with trimethylsiloxy group. They were mixed, 
25 heat treated, and milled on a three-roll mill. To the compound were further added 45.0 parts of a fluorinated cyclohy- 
drogensiloxane of the following formula (19) and 0.2 part of a toluene solution of a chloroplatinic acid catalyst modified 
with CH 2 =CHSiMe 2 OSiMe 2 CH=CH2 (platinum concentration 1.0% by weight), with mixing continued. 



30 



35 



Me 

SCH 2 CH 2 Si^ 
Me< 




o 



H O 

N-C-(CFOCF 2 ) B (CF 2 OCF)„ 
CF, CF 3 



O II , / 



Me 

SiCH 2 CH 2 S 
Me 



...(19) 



40 



n + m = 32 

S: 



45 



50 



55 



H 

r-(SiO) 3 -SiO- 
Me Me 



[0081] The resulting composition was defoamed under vacuum, placed in a rectangular frame of 2 mm high, deaer- 
ated again, and press cured at 120 kg/cm 2 and 150°C for 10 minutes. A specimen was cut from the cured sheet and 
measured for physical properties according to JIS K-6301, with the results shown below. 



Hardness (JIS-A) 

Elongation (%) 

Tensile strength (kgf/cm 2 ) 



46 

240 

59 
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Note that hardness in J IS A scale was measured using a type A spring hardness tester prescribed in JIS K-6301 . 
[0082] The specimen was also examined for heat resistance, chemical resistance, solvent swell, low-temperature 
properties, and moisture permeability. The results ar shown in Tables 1 to 5. 



Table 1: 



Heat resistance 


200°C 




Initial 


3 days 


7 days 




Hardness (JIS-A) 
Elongation (%) 
TS (kgf/cm 2 ) 

Heat loss (%) 


46 

240 

59 


51 (+5) 
160 (-33) 
44 (-25) 
1.1 


48 (+2) 
140 (-42) 
43 (-27) 
1.2 


250°C 












Hardness (JIS-A) 
Elongation (%) 
TS (kgf/cm2) 
Heat loss (%) 


46 

240 

59 


43 (+3) 
140 (-42) 
31 (-47) 
2.5 


42 (-4) 
120 (-50) 
27 (-54) 
4.5 


Note: Figures i 
or decrease of poir 


n parentheses are percents based on the Initi 
its for hardness. 


al for elongation and tens 


le strength, and increase 



25 Table 2: 





Chemical resistance (change of rubber hardness) 






Hardness 


Surface state 


30 


Initial 


46 




cone, hydrochloric acid 


55 (+9) 


no change 




cone, sulfuric acid 


48 (+2) 


deteriorated 




40% potassium hydroxide 


53 (+7) 


no change 




Note: Figures in parentheses are increase or decrease of 


35 


points. 







[0083] Deterioration conditions: 20°C/3 days 

Table 3: 



40 


Solvent swell (volume change, %) 




Solvent 


Composition 1 


Vlton GFLT 


FE61 




Gasoline 


+10 


+5 


+42 




Methanol 


+1 


+16 


+1 


45 


Chloroform 


+9 


+12 


+23 




Acetone 


+8 


+148 


+177 




Toluene 


+1 


+10 


+30 




Isopropyl alcohol 


+4 


+1 


+1 


50 


Acetonitrile 


+0 


+46 


+3 




Methyl ethyl ketone 


+13 


+150 


+194 




Ethyl acetate 


+14 


+150 


+172 




Tetrahydrofuran 


+18 


+149 


+204 




n-hexane 


+4 


+2 


+18 


55 


Carbon tetrachloride 


+8 


+4 


+27 




Note: Vlton GFLT is a fluoroelastomer, Du Pont de Nemours, 


E.I. & Co. FE61 is a fluorosilicone rubber, Shin- 




Etsu Chemical Co., Ltd. 









21 



EP 0 725 113 B1 



Table 4: 



Low-temperature property (G rman twist test) 




Composition I 


Viton E-60C 


KE951 


T 2 


-10°C 


-6°C 


-41 °C 


T s 


-36°C 


-11°C 


-43°C 


Tio 


-44° C 


-14°C 


-44°C 


T 100 


-50°C 


-20°C 


-50°C 



[0084] Note: Viton E-60C is a fluoroeiastomer, Du Pont de Nemours, E.I. & Co. KE951 is a silicone rubber, Shin- 
Etsu Chemical Co., Ltd. 



Table 5: 



Moisture permeability (CUP test) 


Sample 


Moisture permeability (g/m 2 -24hr) 


Composition I 


4 


KE951 


100 


Viton GFLT 


4 


FE251 


50 


Note: 




CUP test under condition B at 40°C and RH 90% 




KE951 is a silicone rubber, Shin-Etsu Chemical Co., Ltd. Viton GFLT is a fluoroeiastomer, Du Pont de Nemours, E. 


I. & Co. FE251 Is a fluorosilicone rubber, Shin-Etsu Chemical Co., Ltd. 



Example 7 



[0085] A composition was prepared by the same procedure as in Example 6 except that 100 parts of the polymer 
obtained in Example 2, that is, polymer of formula (12) having a viscosity of 21,000 centistokes at 25°C, an average 
molecular weight of 16,000 and a vinyl content of 0.013 mol/100 g and 16.3 parts of the fluorinated cyclohydrogensi- 
loxane used in Example 6 were used. A cured sheet was similarly prepared therefrom. 

[0086] A specimen cut from the cured sheet was similarly measured for physical properties, with the results shown 
below. 



Hardness (JIS-A) 


33 


Elongation (%) 


410 


Tensile strength (kgf/cm 2 ) 


32 



Example 8 

[0087] A composition was prepared by the same procedure as in Example 6 except that 100 parts of a polymer of 
the following formula (20) having a viscosity of 128,600 centistokes at 25°C, an average molecular weight of 23,000 
and a vinyl content of 0.009 mol/1 00 g was used instead of the polymer of Example 1 and 11.6 parts of the fluorinated 
cyclohydrogensiloxane used in Example 6 was used. A cured sheet was similarly prepared therefrom. 
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CH, 



Me 
I 

=CHSi 



Me 
SiCH= 



ISi^ HO 0 0 OH — ^biC 

Me/oVN-C-[m 2 -C-Q'-C] 3 -Rf J -C-N-^0) Me 



-(20) 



Rf 1 : -(CFOCF J )„(CF 2 OCF) ir 
CF, CF 3 



n+m=32 



Q l : 



H 
I 

-N 



v. Me 

<2>f- 

Me 



CH 3 CH, 
CHzCHz-Si-O-Si-CHjCHjCH. 

0 0 Me 

1 I I 
CH,CH 2 CH 2 -Si-0-Si-CHjCHi-Si 

CH a CH, Me 



[e Nm- 



I 

H 



[0088] A specimen cut from the cured sheet was similarly measured for physical properties, with the results shown 
below. 



Hardness (JIS-A) 

Elongation (%) 

Tensile strength (kgf/cm 2 ) 



31 

390 

40 



Example 9 

[0089] A composition was prepared by the same procedure as in Example 6 except that 100 parts of a polymer of 
the following formula (21) having a viscosity of 65,100 centistokes at 25°C. an average molecular weight of 27,640 
and a vinyl content of 0.007 mol/100 g was used instead of the polymer of Example 1 and 9.0 parts of the fluorinated 
cyclohydrogensiloxane used in Example 6 was used. A cured sheet was similarly prepared therefrom. 
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10 



15 



20 



Me 

CH 2 =CHSi 
Me 



v. HO 0 0 OH ^SiC 

J<SVn-C-[RT-C-Q 2 -C] -RP-C-N-^O) Me 



Me 

SiCH=CHi 



-(21) 



Rf l : -(CFOCFa)„(CF 2 OCF) m - n+m=32 
CF, CF, 

/ CHs 
CH2— CH2. 

^CH-CH/ 
CH 3 



[0090] A specimen cut from the cured sheet was similarly measured for physical properties, with the results shown 
below. 



25 



30 



35 



Hardness (JIS-A) 

Elongation (%) 

Tensile strength (kgf/cm 2 ) 



35 

450 

49 



Example 10 

[0091] A composition was prepared by the same procedure as in Example 6 except that 100 parts of the polymer 
obtained in Example 5, that is, polymer of formula (18) having a viscosity of 9,800 centistokes at 25°C, an average 
molecular weight of 15,380 and a vinyl content of 0.013 mol/100 g was used instead of the polymer of Example 1. To 
the polymer were added 3.41 parts of a fluorinated cyclohydrogensiloxane of the following formula (22), 0.2 part of the 
toluene solution used in Example 6, and 0.4 part of 2-ethynylhexanol. A cured sheet was similarly prepared therefrom. 



40 



Me H Me 
CeF.rCHzCHz^iOCSiOnicHaCHzCeF.T 
Me Me Me 



n=8 



...(22) 



45 



[0092] A specimen cut from the cured sheet was similarly measured for physical properties, with the results shown 
below. 



50 



Hardness (JIS-A) 

Elongation (%) 

Tensile strength (kgf/cm 2 ) 



33 

260 

26 



[0093] The specimens were also examined for heat resistance. The results are shown in Table 6. 



55 
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Tab! 6: 





H at resistance 


5 






Initial 


3 days 


7 days 




200°C 














Hardness (JIS-A) 


33 


32 (-1) 


oo (±0) 






Elongation (%) 


260 


250 (-4) 


220 (-15) 


10 




TS (kgf/cm 2 ) 


26 


24 (-8) 


22 (-15) 






Heat loss (%) 




0.5 


0.7 




250°C 














Hardness (JIS-A) 


33 


30 (-3) 


29 (-4) 


15 




Elongation (%) 


260 


240 (-8) 


230 (-12) 






TS (kgf/cm 2 ) 


26 


23 (-12) 


19 (-27) 






Heat loss (%) 




1.1 


1.5 




Note: Figures in parentheses are percents based on the initial for elongation and tensi 


e strength, and increase 


20 


or decrease of points for hardness. 
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Claims 

1. A fluorinated amide compound of the following general formula (1 ): 



R' 
I 



CH:=CHSi\_ R * o 



K ? 1 >- A R 0 0 0 OR 2 _^Si 
R' <^l4-C-[Rf-C-Q-C].-Rf-C-A-<0) R' 



R' 

SiCH=CH, 



(1) 



wherein 



ri is a substituted or unsubstituted monovalent hydrocarbon group. 

R 2 is a hydrogen atom or a substituted or unsubstituted monovalent hydrocarbon group, 

Q is a group represented by the following general formula (2) or (3): 



45 



R2 R2 

I I 
-N-R 3 -N- 



(2) 



50 



55 



-N 



-R'- 
-R s - 



N- 
J 



(3) 
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wherein R 3 is a substituted or unsubstituted divalent hydrocarbon group which may have at least one inter- 
vening atom selected from oxygen, nitrogen and silicon atoms, R 4 and R 5 are independently selected from 
substituted or unsubstituted divalent hydrocarbon groups, 
Rf is a divalent perfluoroalkylene or perfluoropolyether group, and 
5 letter a is an integer inclusive of 0. 

2. A curable composition comprising 

(A) a fluorinated amide compound of formula (1) as set forth in claim 1, 
10 (B) a fluorinated organohydrogensiloxane containing at least one monovalent perfluorooxyalkyl, monovalent 

perfluoroalkyl, divalent perfiuorooxyalkylene or divalent perfluoroalkylene group and at least two hydrosilyl 
groups in a molecule, and 

(C) a catalytic amount of a platinum group compound, 

15 component (B) being present In an amount to give 0.5 to 5 mol of the hydrosilyl group per mol of the aliphatic 

unsaturated group in the composition. 

Patentanspruche 
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1. Fluorierte Amidverbindung der folgenden allgemeinen Formel (1): 

R l R' 
CH 2 =CHSi^ R 2 o 0 0 OR 2 _/SiCH=CH 2 
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Si-v. R 2 O 0 0 OR 2 ^_^Sr 

* to^W-[Rf-i-Q-<W£-!Ko> * 



(1) 



worin 
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R 1 eine substituierte oder unsubstituierte einwertige Kohlenwasserstoffgruppe ist, 

R2 ein Wasserstoffatom oder eine substituierte oder unsubstituierte einwertige Kohlenwasserstoffgruppe ist, 
Q eine Gruppe der folgenden allgemeinen Formeln (2) oder (3) ist: 
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R2 R 2 
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55 worin R 3 eine substituierte oder unsubstituierte zweiwertige Kohlenwasserstoffgruppe ist, die zumindest ein 

intervenierendes Atom aufweisen kann, das aus Sauerstoff, Stickstoff und Silizium ausgewahlt ist, und R 4 und 
R5 unabhangig voneinander aus substituierten oder unsubstituierten zweiwertigen Kohlenwasserstoffgruppen 
ausgewahlt sind, 
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Rf eine zweiwertige Perfluoralkylen- oder Perfluorpolyethergruppe ist und 
der Buchstabe a ein ganz Zaht elnschlie&lich 0 ist. 

2. Hartbare Zusammensetzung, umfassend: 

(A) eine fluorierte Amidverbindung der Formel (1) gemaB Anspruch 1, 

(B) ein fluoriertes Organohydrogensiloxan, das pro Molekul zumindest eine einwertige Perfluoroxyalkyl-, ein- 
wertige Perfluoralkyl-, zweiwertige Perfluoroxyalkylen- oder zweiwertige Perfluoralkylengruppe und zumindest 
zwel Hydrosilylgruppen enthalt, sowie 

(C) eine katalytische Menge einer Platingruppen-Verbindung, 

wobei Komponente (B) in einer Menge vorhanden ist, die 0,5 bis 5 Mol der Hydrosilylgruppe pro Mol der 
aliphatischen ungesattigten Gruppe in der Zusammensetzung ergibt. 



Revendi cations 

1. Compose d'amide fluore de (a formule generale (1) qui suit: 




R 1 est un groupe hydrocarbure monovalent substitue ou non substitue, 

R 2 est un atome d'hydrogene ou un groupe hydrocarbure monovalent substitue ou non substitue, 
Q est un groupe represents par la formule generale (2) ou (3) qui suit: 



R2 

-N-R 3 -N- ••• < 2 ) 




ou R 3 est un groupe hydrocarbure divalent substitue ou non substitue qui peut avoir au moins un atome 
intermediate selectionne parmi les atomes d'oxygene, d'azote et de silicium, R 4 et R s sont independamment 
selectionn§s parmi des groupes hydrocarbures divalents substitues ou non substitu6s, 
Rf est un groupe perfluoroalkylene ou perfluoropolyether divalent, et 
la lettre a est un entier y compris 0. 

2. Composition durcissable comprenant 
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(A) un compose d'amide fluore de la formule (1) tet qu'intrique a la revendication 1, 

(B) un organohydrogenosiloxane fluore contenant au moins un groupe perfluorooxyalkyl monovalent, p r- 
fluoroalkyle monovalent, perfluorooxyalkylene divalent, ou perfluoroalkylene divalent et au moins deux grou- 
pes hydrosilyles dans une molecule, et 

(C) une quantite catalytique d'un compose du groupe platine, 

le composant (B) etant present en une quantite pour donner 0,5 a 5 moles du groupe hydrosilyte par mole 
du groupe aliphatique insature dans la composition. 
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FIG.1 
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FIG.5 
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